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摘  要 
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Directional sound sources are widely used in underwater acoustic engineering, 
for example, cylindrical transducers are often used as transmitters in underwater 
acoustic  communication devices. Thus, it is necessary to investigate the transient 
sound field excited by underwater directional sources. However, the research with 
respect to the sound field excited by underwater acoustic sources has mainly focused 
on that by omnidirectional ones. The studies on the transient sound field excited by 
directional acoustic sources are relatively scarce. This study will focus on the 
transient sound field excited by cylindrical shell transducers in shallow ocean. 
It is difficult to derive the potential function corresponding to common 
underwater acoustic sources. Thus, the transient vector displacement wave equation 
instead of the transient pressure wave equation is used to investigate the transient 
sound field excited by directional cylindrical shell transducer in shallow water. Firstly, 
the dispersion equation of harmonic waves in a homogenous shallow ocean is derived, 
and the dispersion characteristics of guided waves in shallow water with different 
depth are discussed on the basis of numerical results. Secondly, the analytical solution  
corresponding to the transient sound field excited by cylindrical shell transducers in a 
homogenous shallow ocean is derived using the eigenfunction expansion method 
(Normal mode method). The transient pressure amplitude distribution with respect to 
range and depth is computed and discussed, as well as the transient radial 
displacement, transient axial displacement and transient pressure distribution with 
respect to time. Finally, the dispersion equation of harmonic waves in multi-layer 
shallow ocean is derived and solved. Moreover, the analytical solution of the transient 
waves excited by cylindrical shell transducers in a multi-layer shallow ocean is 
derived. 
The main innovation of this study is solving the transient vector displacement 















concise analytical solution of the transient sound field excited by cylindrical shell 
transducers is derived. This study has theoretical reference values for the practical 
underwater acoustic engineering, for example, underwater acoustic communication. 
 
Key words: dispersion; shallow ocean; cylindrical transducer; eigenfunction 





































备设计、研发及使用提供了理论基础。Worzel 和 Ewing[7] 分别于 1943 年 11 月






















































































































































图 2.1 均匀浅海示意图 



















图 2.1 为均匀浅海示意图，该浅海深度为 H，密度为 ρ ，其中声速为 0c 。假
设浅海表面为自由界面，即为绝对软边界，浅海底部为绝对硬边界。 
均匀浅海中自由波动方程为： 
                        
2
2t
λ ρ ∂∇∇⋅ =
∂
uu                        (2-1) 
其中u为矢量位移，λ为液体拉密常数。令 
















ωφ φ∇ + =                      (2-4) 
式中 fπω 2= 为圆频率，下标 m 表示模式阶数，n 表示离散波数阶数。考虑轴对
称柱坐标问题，有： 







ω ξΛ − ， nξ 为波数。方程(2-4)的解满足如下边界条件： 
1) 当 z=0 时，  
( )0r 0mn mn nA J rφ ξ= =（ ,0）                  (2-6) 
上式对任意 r 成立，故 
0mnA =                        (2-7) 
2) 当 z=H 时 
( )0( sin cos ) 0mn z H mn mn mn mn mn mn n
d A H B H J r
dz
φ ξ= = − Λ Λ + Λ Λ =    (2-8) 
即 
( sin cos )=0mn mn mn mn mn mnA H B H− Λ Λ + Λ Λ        (2-9) 
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